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Abstract
Plastic pollution is a global issue affecting the health and stability of freshwater and marine
environments. Microplastics can be introduced into waterways from a variety of sources,
such as agricultural runoff, anthropogenic litter, and wastewater treatment plants (WWTPs).
To determine whether WWTPs are a source of microplastics to the Lower Rouge and Huron
Rivers, we measured microplastic load upstream and downstream of two Southeast Michigan
wastewater treatment plants: the Ann Arbor Wastewater Treatment Plant and Ypsilanti
Community Utilities Authority (YCUA). Results from this study indicated that YCUA,
which discharges into a small stream with limited watershed inputs, is a significant source of
microplastic pollution. The Ann Arbor WWTP, which discharges into the much larger Huron
River, was not a detectable source. Instead, the positive relationship between river discharge
and microplastic load suggests that watershed sources may be more important to total
microplastic load, especially in larger rivers.
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Introduction
Microplastics in Aquatic Systems
Plastic pollution is ubiquitous in aquatic environments. Large plastic debris including
bags, fishing gear, bottles, and packaging can be deadly to aquatic organisms due to engulfment
and entanglement (Andrady, 2011). Even when disposed of properly in dumps or recycling
facilities, wind may transfer plastic debris to freshwater and marine environments (Barnes et al.,
2009). Despite environmental legislation to protect freshwater ecosystems, such as the Clean
Water Act of 1972, an estimated 1.15-2.14 million tons of plastic are transported to the oceans
each year from rivers globally (Lebreton et al., 2017). While large plastics have recently received
a lot of attention, smaller fragments may impact aquatic ecosystems in a myriad of ways that are
not yet fully understood (Cole et al., 2011).
Microplastics are defined as plastic pieces smaller than 5 mm (Thompson et al., 2018)
and are categorized into primary and secondary microplastics. Very small primary microplastics
are manufactured for applications such as sand blasting and are found in a variety of personal
care items (Dris et al., 2015). These raw manufacturing products, known as nurdles or nibs,
(Seltenrich, 2015; Cole et al., 2011), are often found in waterways near plastic manufacturing
industries (Hidalgo-Ruz et al., 2012). Secondary microplastics derive from larger plastic debris
that have broken down into fragments of 5 mm or smaller due to chemical, physical, or photo
degradation (Dris et al., 2015). Both types of microplastics may negatively impact ecosystems.
While many studies have examined the effects of microplastics in marine waters, less is known
about microplastic pollution in freshwater ecosystems (Eerkes-Medrano et al., 2014).
Microplastics are released into waterways from an array of sources such as dust from
cities, the washing of synthetic clothing, and wear and tear on automobile tires (Dehghani et al.,
2017, Hernandez et al., 2017, Kole et al., 2017). Because microplastics are small and made of
1

durable, low-density materials, they possess the ability for long-range transport due to wind and
wave action. The most common plastics found in freshwater are polyethylene (PE) and
polypropylene (PP), followed by polystyrene (PS). Microplastics have been found in every ocean
and each of the Great Lakes. One study found Lake Erie harbored higher microplastic
concentrations than any of the other Great Lakes with an estimate of 466,305 particles per km
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(Eriksen et al., 2013), likely due to its proximity to heavy industrial point sources. Additionally,
precipitation often causes sediments, including land-applied, microplastic-containing biosolids,
to wash into waterways (Dris et al., 2015). Microplastics, such as those present in these
biosolids, also have the ability to adsorb trace levels of toxic metals into the environment
(Wijesekara et al., 2018).
Microplastic pollution can have a number of negative effects on aquatic ecosystems. For
instance, ingestion of microplastics can cause animals to have a false sense of satiation, which
may result in malnutrition (Lu et al., 2019) and may potentially rupture internal organs (Driedger
et al., 2015). Heavy microplastic exposure negatively impacted reproductive success of European
flat oysters, Ostrea edulis, in an outdoor mesocosm study (Green, 2016). Microplastics have the
potential for bioaccumulation throughout the food chain due to their small size (Michielssen et
al., 2016). Furthermore, microplastics that stick to periphyton cause growth reduction,
subsequently leading to a fitness decline in organisms that feed on them, such as tadpoles
(Boyero et al., 2020).
Often, plastics become substrates to which both harmful chemicals and pathogenic
organisms can stick. Many studies suggest that plastics adsorb and transport harmful substances,
such as perfluorolalkyl substances (PFAS; Llorca et al., 2018), antibiotics (Li et al., 2018), and
PCBs (Rochman et al., 2013), that have been linked to birth abnormalities and diseases across a
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wide range of species (Gomez et al., 2018). Endocrine disruptors such as plasticizers and
phthalates can be desorbed from microplastics and transferred into the guts of fish and other
aquatic organisms (Seltenrich, 2015, Sun et al., 2019) that may potentially lead to toxicity in
various organisms (Dris et al., 2015). Moreover, plastic debris has been suggested to increase the
transport of species associated with harmful algal blooms (Masó et al., 2003). Biofilms growing
on microplastics were much more likely to undergo plasmid conjugation than non-microplastic
biofilms (Arias-Andres et al., 2018b). This could be detrimental due to increased potential for
gene exchange leading to antibiotic resistance in freshwater pathogens and altered community
compositions, which could in turn cascade into an issue for public health. Thus, it is apparent
that even at the lowest trophic levels, this type of pollution can alter ecosystem diversity.
Microplastic pollution can enter waterways from a variety of sources such as industrial
effluent and urban runoff (Prata 2018). Microplastic pollution can also originate from household
waste in the form of wastewater. This wastewater is piped underground to wastewater treatment
plants (WWTPs) that are not completely effective at removing all microplastics throughout the
treatment process (Mason et al., 2016). This results in microplastic pollution entering the
waterways that WWTPs discharge to (Figure 1).

3

Figure 1
Potential Pathways of Microplastic Pollution Entering Lake Erie

Note. The Lower Rouge River and Huron River empty into the Detroit River before flowing into
the western basin of Lake Erie. Figure created using Biorender.com.
Wastewater Treatment Plants and Microplastics
Although WWTPs remove between 95% and 99% of microplastics from wastewater
(Dris et al., 2015; Mason et al., 2016), they are not able to remove all microplastics due to
technological limitations and can therefore be sources of microplastics in waterways (e.g.,
Michielessen et al., 2016; Dris et al., 2015). Many studies have found increased microplastics
downstream of WWTPs (i.e., McCormick et al., 2014). For example, one urban study sampled
microplastic concentrations upstream and downstream from a Chicago treatment plant and found

4

an average of 1.9 microplastics m upstream of the WWTP and an average of 17.9 microplastics
-3

m downstream of the WWTP, suggesting that WWTPs are a point source of microplastic
-3

pollution (McCormick et al., 2014). It is estimated that between 3 and 23 billion microplastic
particles are released by United States WWTPs daily (Mason et al., 2016). One study found that
the majority of microplastics found in one WWTP’s effluent were blue polyethylene irregularly
shaped microbeads, frequently found in whitening toothpaste, most of which were 150-200 um
in size (Carr et al., 2016).
Wastewater treatment plants release additional microplastics into the environment when
untreated sewage spills into waterways via combined sewer overflows (Eriksen et al., 2013).
While legislation has been passed to reduce plastic pollution in United States waterways by
banning rinse-off cosmetics and other over-the-counter products (Center for Food Safety and
Applied Nutrition, n.d.), there are numerous loopholes to this legislation and it only addresses
products of a small scope (Mcdevitt et al., 2017). For example, this act bans plastics used to
“exfoliate or cleanse the human body” but does not ban plastics used for non-cosmetic items,
microplastics used for manufacturing, or plastics discharged by WWTPs. Therefore, WWTPs are
left with the responsibility of engineering better ways to remove microplastics from their
effluents.
While a number of mechanisms remove microplastics during wastewater treatment, most
studies find that the largest portion of microplastic removal comes from primary treatment,
which has an average removal efficiency of 72-98% (Gatidou et al., 2019). Secondary treatment
treats a fraction more and tertiary treatment may be variable depending on treatment technology.
A study conducted at Detroit’s Great Lakes Water Authority found that preliminary and primary
treatment removed the largest amount of microplastics (termed small anthropogenic litter

5

[SAL]) and the entire treatment process removed 95.2% SAL, releasing an average of 5900
pieces of SAL per m3 (Michielssen et al., 2016). While this study found that granular sand
filtration tertiary treatment removes a significant portion of microplastics, backwashing of these
filters is required and alternate studies have found tertiary treatment to have little to no effect on
microplastic removal (Gatidou et al., 2019).
Seasonal Changes of Microplastic Concentration and Load
Some studies have found seasonal shifts of microplastic concentration and load. For
example, one study found that water density stratification greatly increased the amount of
microplastics identified in the top layer of the water column (Zhao et al., 2019). Additionally,
some studies have found rainfall events are correlated with elevated microplastic concentrations
in surface waters (e.g., Xia et al., 2020), indicating that microplastic pollution is coming from the
surrounding watershed. However, other studies fail to find trends in microplastic concentration
and seasonality (e.g., Mani & Burkhardt-Holm, 2020). Furthermore, it is possible that aging
infrastructure could cause an increase in microplastic concentrations during rainfall events due to
infiltration from underground pipes into the water table. Sampling from the same location over
time is needed to understand seasonal trends in microplastic loads. Such trends may be useful in
determining sources and regulatory requirements regarding microplastic release from WWTPs.
Research Questions
Overall, much is still unknown about microplastic pollution, especially in freshwater
systems (Blettler et al., 2018). Studies suggest Lake Erie is a hotspot for microplastic pollution
(Eriksen et al., 2013) with particularly high concentrations of microplastics found in sediment
samples of the Western Basin (Dean et al., 2016). While one study has found the Detroit WWTP
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is a large point source of this pollution (Michielssen et al., 2015), less is known about the impact
smaller WWTPs have on riverine microplastic pollution.
Not much is known about microplastics in rivers that flow into Lake Erie or the
significance of medium sized WWTPs to riverine microplastic pollution. Microplastics released
into the Rouge River from the Ypsilanti Community Utilities Authority (YCUA), one of
Michigan’s largest wastewater treatment plants, have yet to be quantified. Furthermore, research
has yet to be published regarding microplastic pollution from the Ann Arbor WWTP draining
into the Huron River. Because both are relatively large WWTPs, investigating microplastic
release from these sources could give useful insight into Lake Erie’s elevated microplastic
concentrations. The goal of this study was to better understand microplastic concentration and
load in the Rouge River and Huron River and whether WWTPs are significant sources of
microplastics in these rivers. We hypothesized that if WWTPS are important sources of
microplastics, microplastic concentration and load would be higher downstream of WWTPs
compared to upstream. We collected microplastic samples upstream and downstream from two
southeast Michigan WWTPs over the course of a year at sites upstream and downstream from
two WWTPs in the Rouge and Huron Rivers. We also predicted that if rain run-off is an
important source of microplastics, then microplastic load would increase in the spring compared
to other seasons, with snowmelt and increased rain events. We examined the relationship
between river discharge and microplastic load to evaluate if microplastic load was related to river
discharge.
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Methods
Study Sites
The samples in this study were collected upstream and downstream of two Southeast
Michigan, USA, WWTP plant effluent discharge sites, the Ypsilanti Community Utilities
Authority (YCUA), which discharges into the Rouge River, and the Ann Arbor WWTP, which
discharges into the Huron River. Both the Rouge River and the Huron River flow east before
discharging into the Detroit River and the Western Basin of Lake Erie, respectively.
Ypsilanti Community Utilities Authority’s is a WWTP, located in Ypsilanti, Michigan,
USA, with a rated capacity of 51.2 million gallons per day (MGD), which treats water from more
than 250,000 customers (YCUA, n.d.) from Ypsilanti Township, Canton Township, Northville
Township, Sumpter Township, and Plymouth Township, York Township, Pittsfield Township,
Augusta Township, and Superior Township. YCUA discharges their plant effluent into the
Lower Rouge River which has a watershed area of about 1200 km . We took samples at two
2

locations at the closest accessible points upstream of the WWTP outfall, Rouge River and
Fowler Creek, because two branches of the stream converged directly upstream of it, and one
sampling location downstream of the WWTP outfall at the closest accessible point (Figure 2A).
Fowler Creek empties into the Rouge just upstream from the YCUA discharge point. We
combined the two upstream concentrations and discharges to calculate a single value for
upstream microplastic concentration and load for the Rouge River. There is a much greater
discharge downstream (28.3 MGD) compared to upstream (5.3 MGD) in the Rouge River and
the WWTP effluent is responsible for much of it (23 MGD).
The second WWTP used in this study was the Ann Arbor WWTP, located in Ann Arbor,
Michigan, USA. The Ann Arbor WWTP is not as large as YCUA, with an average daily flow of
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18.5 MGD and a design capacity of 29.5 MGD. It treats wastewater from over 130,000 people
residing in both the city and township of Ann Arbor in addition to Pittsfield Township and Scio
Township. The Ann Arbor WWTP discharges effluent into a river much larger than the Rouge
River, the Huron River, which had an estimated annual discharge near the sampling sites of
78,000 million gallons per year (Snoflo, n.d.; Table 1). We sampled at the closest accessible
point upstream and downstream of the WWTP outfall (Figure 2B).
Figure 2A
Sampling Locations

Note. YCUA’s effluent is pumped underground from the wastewater treatment plant (not
pictured) five miles northeast to the outfall at Beck Rd. and Geddes. We had two sampling sites
upstream from the YCUA outfall and one sampling site downstream from the YCUA outfall.
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Figure 2B
Sampling Locations

Note. We took samples at one site upstream from the Ann Arbor WWTP and one downstream.
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Table 1
Average Daily Discharge (m3/day) for the Rouge River and Huron River on Sample Days During
This Study

Field Sampling for Microplastics
Samples were collected beginning in June 2020 and collected roughly every two weeks
until November 2020. Sampling was resumed in March 2021 and samples were taken once or
twice monthly until May 2021. Therefore, for the Lower Rouge River, we collected seven paired
sets of samples throughout summer 2020, three in fall 2020, and three in spring 2021. For the
Huron River, we collected eight sets of samples throughout summer 2020, two in fall 2020, and
three in spring 2021.
A neuston net with a mesh size of 333 um was used to collect microplastic samples
upstream and downstream of YCUA and the Ann Arbor WWTP. Typically, we would deploy the
net until at least 50 m3 had flowed through it unless stream velocity was abnormally low on the
given sample date and would take longer than 30 minutes to collect. We sampled a range of 0.7296.3 m3 of stream water while sampling with an average volume of 45.7 m3. We rinsed the net
after each sampling using a bucket filled with stream water several times.
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To calculate the volume of flow through the net, we measured the stream velocity in m s-1
using a Marsh-McBirney FloMate 2000 portable flow meter in the middle of the net and
multiplied it by the area of the net opening (0.5 m2). For the Lower Rouge River, we calculated
stream discharge in the field by multiplying the cross-sectional area of flow by stream velocity at
six-tenths depth. Water depths along a cross-sectional transect were measured and multiplied by
the stream width to determine the stream cross-section. The Huron River was too large and deep
to measure discharge in the field, so we used the closest United States Geological Survey
(USGS) discharge measurements for the Huron River near Wall Street (gauge
#04174500). Because the gauging station was about 3.75 miles upstream from our sites, we
added the discharge of a major tributary that empties into the Huron between the gauge and our
sample sites, Mallets Creek near Chalmers Drive (gauge #0417518) to the Wall Street gauge
values. Still, our estimates of discharge may be slight underestimates because we do not account
for other inputs between the Wall Street gauge and our sites. If stream velocity was below 0.01
m/s, we would not sample the site on that date, assuming the flow and microplastic load were
close to zero. This occurred at one of the Upper Rouge River sites on 8/11/2020, 8/25/2020,
9/25/2020, and 10/16/2020.
Laboratory Processing of Microplastic Samples
Samples were sieved first through a 5 mm sieve to separate plastic fragments larger than
5 mm, and then through a second sieve of 330 micrometers to remove excess water while
retaining plastics present in the samples. The plastics were quantified using the catalytic wet
peroxide oxidation (WPO) method with an Fe (II) catalyst addition to quantify plastics between
the sizes of 5 mm and 0.3 mm (Masura et al., 2015). The WPO method was chosen because it
has a percent recovery of 92.9%, is inexpensive to perform in the laboratory, and is less time-
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consuming than microscopy of unprocessed samples (Lares et al., 2019), which allowed for a
larger number of samples to be analyzed to assure data is representative of variable flows, etc.
To perform WPO, 20 mL of aqueous 0.05 M Fe (II) solution and 20 mL of 30%
hydrogen peroxide was added to each 500 mL sample beaker. Samples sat on the benchtop for
five minutes before being placed in a water bath at 70 degrees Celsius for 30 minutes then placed
back under the fume hood. Each subsequent day, 20 mL of 30% hydrogen peroxide was added
and sample beakers were placed into a water bath at 70 degrees Celsius for 30 minutes and until
all organic material was visibly digested. The digestion step using 30% hydrogen peroxide had to
be repeated four to 21 times, depending on how much organic matter each sample contained.
Afterwards, 0.972 grams per mL of zinc chloride was added to each beaker to bring the solution
to 1.5 g/cm3, mixed, and poured into a separatory funnel for 24 hours to aid in density separation
(Rodrigues et al., 2018). Sediment in the samples settled to the bottom of the separatory funnels
and was discarded. Remaining sample was filtered once again through 333 micrometer mesh and
dried. We categorized plastics in all the cleaned material by fibers and fragments while counting
them with a stereomicroscope to get a general idea of size and/or types of plastics (fragments,
beads, etc.) most commonly found in the streams. Plastics were classified as fibers if they lacked
any visible cellular or organic structure, were equally thick throughout their entire length, and of
clear and/or homogenous color (Hidalgo-Ruz et al., 2012). Any plastics that did not fit the
aforementioned fiber description were classified as microplastic fragments. Microplastic counts
were related back to the original sample volume of river water.
Care was taken to minimize plastic contamination within the laboratory. We rinsed all
glassware used during sample processing with deionized water and kept them covered with
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aluminum foil at all times. To assess the reliability of our method, four blanks were enumerated
with an average of 5.75 microplastics found in each.
Data Analyses
We collected and analyzed a total of 58 microplastic samples from the five sampling
sites. The samples contained plastics of varying size and color (Figure 3). We calculated the
concentration of microplastics using the following formula:
Microplastic concentration (microplastics/m3) = microplastics / volume sampled (m3)
We calculated the daily microplastic load of each of these sample sites by multiplying
microplastic concentration by river discharge using the following equation:
Microplastic load (microplastics/day) = microplastic concentration (microplastics/m3) x stream
discharge (m3 s-1) (86,400 s/day).
Annual microplastic load (microplastics/year) = average microplastic load (microplastics/day) x
365.
We subtracted upstream concentration (or load) from downstream concentration (or load)
and ran a paired t-test or sign test to determine if the concentration (or load) of microplastics was
significantly higher downstream of the WWTP. These values were checked for normal
distribution and equal variance, however neither assumption was met for microplastic
concentration at both rivers or load at the Rouge River sample sites. Therefore, we used a paired
sign test. Normal distribution and equal variance assumptions were met for the Huron River load
values, so we used a paired t-test to determine whether there were differences in microplastic
load above and below the Ann Arbor WWTP.
To determine the significance and direction of the relationship between river discharge
and microplastic concentration (or load), we calculated a Spearman correlation for each stream.
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To explore the shape of any significant relationships, we tried several forms of regression and
chose a second order polynomial because it had the best fit.
Results
Concentrations of microplastics ranged from 0.17 to 20.85 microplastics/m3. The average
number of microplastics we found per sample was 70. Of the 3,593 microplastics we counted,
54% were microplastic fragments whereas 46% were microplastic fibers (Table 2). There was no
significant difference in microplastic concentration upstream vs. downstream in either river (p >
0.05). The average microplastic concentrations upstream and downstream from YCUA were
3.06 and 1.27 microplastics/m3 (Figure 4). The average microplastic concentrations upstream and
downstream from the Ann Arbor WWTP were 1.60 and 1.17 microplastics/m3 (Figure 5). The
estimated average daily microplastic load was 37% greater downstream (147,824 microplastics
per day) compared to upstream (107,803 microplastics per day) YCUA’s outfall (p < 0.05;
Figure 6). The Huron River microplastic load was an average of about ten times higher than that
of the Rouge River. In the Huron River, which had a much higher background microplastic load,
there was no significant difference in microplastic load between upstream and downstream
sites. The average daily microplastic load upstream and downstream of the Ann Arbor WWTP’s
outfall was 1,211,467 and 1,032,116 microplastics per day (Figure 7).
Table 2
Microplastic Fragments vs. Fibers
Sample Site
Rouge Upstream 1
Rouge Upstream 2
Rouge Downstream
Huron Upstream
Huron Downstream

# Microplastic Fragments
83
392
657
555
361

# Microplastic Fibers
189
305
269
485
812
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Figure 3
Examples of Microplastics Collected Using a Neuston Net

Note. The top left photo is from one of the upper Rouge River sites. The top right is from the
downstream Rouge site. The bottom left is from the upstream Huron site and the bottom right
photo is from the downstream Huron site. Samples were counted via stereomicroscopy.
Microplastic size, shape, and color varied in each sample.
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Figure 4
Microplastic Concentrations in the Lower Rouge River (N = 11)
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Figure 5
Microplastic Concentrations in the Huron River (N = 13)
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Figure 6
Microplastic Load in the Rouge River (N = 11)
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Figure 7
Microplastic Load in the Huron River (N = 13)

Seasonal trends in the data were not readily apparent. Microplastic daily load was
perhaps higher in summer months, dropping off leading into the fall 2020 for both the Rouge
River and the Huron River. In spring of 2021, microplastic loads in the Rouge River trended
upwards slightly (Figure 8) whereas microplastic loads in the Huron River increased
considerably (Figure 9).
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Figure 8
Rouge Microplastic Load by Date (N = 22)
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Figure 9
Huron Microplastic Load by Date (N = 28)

The Spearman test indicated that there was not a correlation between river discharge and
microplastic concentration in the Rouge River, rs (20) = -0.18, p = 0.425. However, there was a
significant positive correlation between discharge and microplastic concentration in the Huron
River, rs (24) = 0.64, p < 0.001; between discharge and microplastic load in the Rouge River, rs
(20) = 0.75, p < 0.001; and between discharge and microplastic load in the Huron River, rs (24) =
0.65, p < 0.001. The second order polynomial best described the relationship between discharge
and microplastic load in the Huron River (y = -5E-06x2 + 10.367x - 3E+06, r2 = 0.4519, p =
0.0010; Figure 10A) and in the Rouge River (y = -1E-05x2 + 3.5255x - 2149.1, r2 = 0.2164, p =
0.0986; Figure 10B). We also found a significant relationship between discharge and
microplastic concentration in the Huron River (y = -6E-12x2 + 1E-05x - 3.3093, r2 = 0.3188, p =
0.0121; 11A).
22

Figure 10A
Huron Discharge vs. Microplastic Load (N = 28)
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Figure 10B
Rouge Discharge vs. Microplastic Load (N = 22)
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Figure 11A
Huron River Discharge vs. Microplastic Concentration (N = 28)

Discussion
Contrary to our predictions, microplastic concentration downstream from both WWTPs
was not higher than upstream. However, microplastic load was 37% higher downstream from
YCUA compared to upstream, suggesting that it is a source of microplastic pollution. We were
able to detect this difference because the background load of microplastics was relatively low in
the Rouge River. Background load in the Huron River is much larger than the Rouge River,
therefore any microplastics released by the Ann Arbor WWTP would be more difficult to detect.
The microplastic load in the Huron River was nearly ten times greater than the microplastic load
in the Rouge River, but the discharge was also much greater. Nonetheless, it does not appear that
the Ann Arbor WWTP is a significant source of microplastic pollution to the Huron River. We
found no clear seasonal trends in microplastic concentration or load, but microplastic load was
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positively correlated with river discharge in the Huron River, suggesting that much of this
background load is due to watershed inputs and rain and snowmelt events.
WWTPs as Sources of Microplastic Pollution
Microplastic load downstream of YCUA was higher than upstream by nearly 40,021
microplastics per day, indicating it is a source of microplastic pollution to the Rouge River. In
contrast to the Rouge River, microplastic load was not higher downstream of the Ann Arbor
WWTP compared to upstream. It is possible that the Ann Arbor WWTP is contributing just as
many microplastics as YCUA, but we are unable to detect the signal against the considerably
higher background load in the Huron River. These findings indicate that while WWTPs may
contribute microplastic pollution to rivers, they are not the only source. It could be useful to take
additional microplastic samples lower in the Rouge River, closer to the Western Basin of Lake
Erie to better understand the relative importance of WWTP sources of microplastics. A limitation
of our study is that we are unable to rule out that there is not an increase in microplastics
between the upstream sites and the outfalls because we did not sample between the two, but we
consider this possibility unlikely due to short distances between upstream sites and outfalls.
Impact of Large vs. Smaller WWTPs
While we found evidence that YCUA was a source of microplastic pollution to the Rouge
River, microplastic load from YCUA is very small compared to microplastic load in the Huron
River with an estimated 1,032,116 microplastics per day or the Detroit River, which received 15
billion (15,000,000,000) microplastics daily from Detroit’s Great Lakes Water Authority alone.
Microplastic concentrations in both the Huron River and the Rouge River were lower than that of
the Detroit River. We calculated an average microplastic concentration of 3.06 microplastics/m3
upstream of YCUA and 1.27 microplastics/m3 downstream of YCUA. Upstream from the Ann
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Arbor WWTP, we measured a microplastic concentration of 1.60 microplastics/ m3 and 1.17
microplastics/ m3 downstream from the plant. Detroit’s Great Lakes Water Authority released an
effluent discharge with microplastic concentrations that averaged 5,900 microplastics/m3
(Michielssen et al., 2016).
There are several reasons that microplastic concentrations in both the Rouge River and
Huron River were considerably lower than the Detroit River measured in Detroit’s Great Lakes
Water Authority study. Both YCUA and the Ann Arbor WWTP have preliminary, primary,
secondary, and tertiary treatment whereas Detroit’s Great Lakes Water Authority only has
preliminary, primary, and secondary treatment. It is possible that although studies have shown
that tertiary treatment tends to remove the smallest amount of microplastics when compared to
primary and secondary treatment (Michielssen et al., 2016), that this could explain why we did
not see an increase in microplastic concentration downstream from both WWTPs in this study.
However, further research would be required to better explain the degree to which microplastics
are removed in each step of the WWT process for YCUA and the Ann Arbor WWTP, as we did
not collect data within the WWTPs or directly from the WWTP outfalls, as the researchers did in
the GLWA study.
Watershed Sources of Microplastics to Rivers
Sources other than WWTPs also contribute to riverine microplastic pollution. Factors
such as atmospheric fallout or the application of agricultural sewage sludge may be important
sources of microplastics to some rivers (Kay et al., 2018). River discharge can fluctuate
depending on variables such as the time of day and weather, and some studies have found that
microplastic load can vary seasonally. For instance, one study found that during high spring
flows, microplastic concentrations decreased due to a dilution effect when compared to low
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summer flows (Watkins et al., 2019), and our findings of lower concentrations at highest flows in
the Huron River may be consistent with. Watershed sources of microplastics such as snowmelt
and rain events have also been suggested to cause seasonal data trends (Ory et al., 2020;
Hitchcock 2020). One mechanism that could cause the pattern in microplastic load that we
observed of a positive correlation between microplastic load and discharge, indicating watershed
sources are important microplastic sources in the Huron River. However, once discharge
increases over a certain point, microplastic load dropped off. Continued sampling would give us
a more conclusive picture of these trends and a better estimate for yearly microplastic load in
each river, as we did not take any samples in the winter.
The higher microplastic load found in the Huron River compared to the Rouge River
suggests that watershed sources of microplastics delivered during rain events are important and
outweigh WWTP sources in rivers draining large watersheds. This was supported by the second
order polynomial relationship that was stronger for the larger Huron River with the larger
catchment. At very high discharge, microplastics may have been already washed out of the
watershed and/or the high volume of water could be diluting microplastic concentrations. If
microplastics enter the watershed after being washed in from land surrounding the river, it is
likely that once the majority of microplastics from the area were washed into the waterway, the
load would decline. This is similar to how chloride concentrations increase during elevated
discharge events but level off at peak discharge once the water table becomes oversaturated
(Stirpe et al., 2017). However, our study was not specifically designed to test the relationship
between discharge and microplastic concentration (or load), and more frequent sampling,
including multiple times per rain event, would better elucidate this relationship.
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While numerous recent studies have focused on microplastic pollution, much is still
unknown. Comparisons between studies are difficult due to the absence of widely accepted
microplastic collection and analysis techniques. Continued research is required to assess the
categories of plastic materials that are found in the Rouge River and the Huron River, as we did
not classify our microplastics by polymer variety in this study, only by microplastic type: fibers
and fragments. However, as similarly found in other studies (Xu et al., 2019; Mason et al., 2016;
Dris et al., 2018), we found more microplastic fibers than all other types of plastics combined.
We may have collected more microplastic fibers in comparison to other types of plastic due to
sampling high in the water column where these lower density microplastics would be more likely
to be collected than higher density plastics, which may be more likely to be observed lower in
the water column.
Microplastics as Ecological Disruptors
Pollution in inland rivers can end up in the Great Lakes or the oceans. The ecological
implications of microplastic pollution may impact organisms throughout the food chain such as
bacteria, fish, and waterfowl. Furthermore, plastics can bioaccumulate in fish and be consumed
by humans. In one study, microplastic particles harbored bacteria more similar to bacteria found
in wastewater than in freshwater ecosystems creating additional concerns for public health and
highlighting the importance of removing these anthropogenic wastes from WWTP effluents
before discharge into rivers (Eckert et al., 2018). However, the impact of YCUA is relatively
small compared to larger WWTPs and larger watershed inputs.
Microplastic particles create niche microbial communities, referred to as “the
Plastiphere,” with altered levels of species diversity compared to natural substrates. While some
studies have found increased species diversity on plastic substrates than plastic controls (Wu et
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al., 2019; Xue et al., 2020) or no differences in species diversity (Oberbeckmann et al., 2016),
many studies agree that increased microplastic pollution correlates with decreased species
diversity (McCormick et al., 2014; Miao et al., 2019). The antibiotic resistance gene, Int1 is
more prolific in microplastic concentrated waters (Eckert et al., 2018). In fact, one microcosm
study found that the majority of the 20 most abundant microbial taxa residing on LDPE plastics
were pathogenic in nature or potential pathogens and also concluded that hydrophobicity of
LDPE played a role in pathogenic microbial communities that “rafted” on microplastics (Gong et
al., 2019). We did not isolate any DNA from microplastic samples collected downstream of
WWTPs, so we are unable to assess the effects of WWTP plastic effluent on microbial
community structure.
Because biofilms are essential in carbon processing and recycling nutrients, the
modification of their community composition could alter biogeochemical cycles and trophic
level interactions. It is therefore necessary to understand how microplastics affect microbial
function in aquatic ecosystems. A study found that when microplastics were incubated in lakes
of varying trophic levels, increasing the concentration of microplastics considerably reduced
biofilm biomass and decreased oxygen consumed per microplastic (Arias-Andres et al., 2018a).
Because studies disagree about the degree to which microplastics affect microbial communities,
there is a knowledge gap about how these plastics disturb freshwater communities and should be
considered during the creation of National Pollution Discharge Elimination System Permits that
regulate the discharge of wastewater to receiving streams. Further research is required to analyze
differences between types of microbes residing on microplastics and natural substrates. It would
also be useful to understand whether microplastics are altering microbial functions in aquatic

30

ecosystems. One way future studies could analyze this would be by comparing EcoPlate data
between plastics and nonplastics.
Conclusions
The present study aimed to establish whether or not two southeast Michigan WWTPs
were significant sources of microplastics, but our results indicate that only one of the two
WWTPs was a significant point sources of microplastic pollution. Without measuring
microplastic load in both WWTP’s influent and effluent, it is difficult to compare the impact of
the Ann Arbor and YCUA WWTPs on microplastic release to the environment or their
effectiveness on removing microplastics during the treatment process. Neither WWTP in our
study had microplastic concentrations or loads as elevated as a much larger WWTP in the area,
Detroit’s Great Lakes Water Authority. Additionally, we found discharge and microplastic load
were positively correlated in the Huron River and the Rouge River. The relationship was
stronger in the Huron River, however, suggesting that larger watershed areas are more sensitive
to rain events than discharge from WWTPs due to higher background microplastic loads.
While plastics have revolutionized industries such as medicine and industry, the
associated ecological consequences can be detrimental to water quality and wildlife. Though
microbead-containing products have been banned in the United States, additional policies
regarding the regulation of plastic recycling could be enacted in an effort to further reduce
microplastic pollution entering waterways. However, because WWTPs are often known as
“hotspots” for microplastic pollution, it is important to analyze and federally regulate the amount
of microplastics leaving these plants, especially those with very high discharges.
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